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R factor = 0.057; wR factor = 0.111; data-to-parameter ratio = 10.6. 




Experimental 

Crystal data 

C 30 H 26 Cl 3 N 3 O 2 
M, = 566.91 
Triclinic, PI 
a = 11.2102 (3) A 
b = 11.5909 (3) A 
c = 12.3569 (4) A 
a = 99.0734 (8)° 
P = 90.1887 (9)° 



Y = 116.4041 (10); 

V = 1415.22 (7) A 3 
Z = 2 

Mo Ka radiation 
fj, = 0.36 mm -1 
T = 298 K 

0.35 x 0.19 x 0.10 mm 



The racemic title compound, C30H26CI3N3O2, comprises two 
spiro links, the first connecting the piperidine and pyrrolidine 
rings and the other connecting the indole and pyrrolidine 
rings. The piperidine ring adopts a half-chair conformation, 
while the pyrrolidine ring has an envelope conformation with 
the unsubstituted C atom as the flap. The dihedral angles 
between the two p-Cl-substituted benzene rings and the indole 
ring are 33.13 (14) and 54.11 (14)°. In the crystal, molecules 
form inversion dimers through pairs of N— H- ■ O hydrogen 
bonds [graph set Ra(8)]. Aromatic C— H- ■ O hydrogen bonds 
extend these dimers into a ribbon structure, enclosing i?|(14) 
ring motifs, along the a-axis direction. 

Related literature 

For the biological activity of related dispiro-oxindole analo- 
gues, see: Girgis et al. (2009a,b, 2012); George et al. (2013). For 
related structural studies, see: Farag et al. (2Q14a,b,c); Mous- 
tafa et al. (2012). For the synthesis of the precursor molecule, 
see: Modzelewska et al. (2006). For graph-set analysis, see: 
Etter et al. (1990). For details of the weighting scheme used, 
see: Watkin et al. (1994). H atoms were refined with riding 
constraints (Cooper et al, 2010). 



Data collection 

Nonius KappaCCD diffractometer 
Absorption correction: multi-scan 

[Gorbitz (1999) and DENZOI 

SCALEPACK (Otwinowski & 

Minor, 1997)] 

r min = 0.630, r m;lx = 0.876 



Refinement 

R[F 2 > 2a(F 2 )] = 0.057 

wR(F 2 ) = 0.111 

S = 1.01 

3663 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



16419 measured reflections 
6508 independent reflections 
3663 reflections with / > 2o'(7) 
R iM = 0.076 



344 parameters 

H-atom parameters constrained 
A/w = 0.55 e A~ 3 
Ap mi „ = -0.54 e A~ 3 



D-H- - A 


D-H 


H-/1 


D- ■ A 


D-H-A 


C6-H61-019' 


0.96 


2.47 


3.168 (5) 


130 


N30-H301-O29" 


0.96 


1.90 


2.844 (5) 


167 


Symmetry codes: (i) — x 


+ 1,-y + l, 


-Z + 1; (ii) -x + 2, 


-y + l.-z- 


1-2. 



Data collection: COLLECT (Nonius, 2001).; cell refinement: 
DENZOI SCALEPACK (Otwinowski & Minor, 1997); data reduc- 
tion: DENZOI SCALEPACK; program(s) used to solve structure: 
SUPERFLIP (Palatinus & Chapuis, 2007); program(s) used to refine 
structure: CRYSTALS (Betteridge et al., 2003); molecular graphics: 
CAMERON (Watkin et al., 1996) and DIAMOND (Brandenburg, 
2012); software used to prepare material for publication: CRYS- 
TALS; software used to prepare material for publication: publCIF 
(Westrip, 2010). 
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5-Chloro-5"-(4-chlorobenzylidene)-4'-(4-chlorophenyl)-1 ',1 "-dimethyldispiro- 
[indoline-3,2 f -pyrrolidine-3^3"-piperidine]-2,4"-dione 

I. S. Ahmed Farag, Adel S. Girgis, A. A. Ramadan, A. M. Moustafa and Ahmed F. Mabied 

1. Introduction 

Spiropyrrolidinyl-oxindole represents the main alkaloid skeleton of naturally occurring substances characterized by 
promising biological and/or pharmacological properties. In continuation of our research program directed towards 
synthesis of biologically active compounds possessing this motif (Farag et al, 2014a-c; George et a/., 2013; Girgis et al, 
2012, 2009a,Z>; Moustafa et al, 2012), a novel analog, C30H26CI3N3O2, is described in the present study utilizing a facile 
regio- as well as stereoselective procedure. 

2. Experimental 

2.1. Synthesis and crystallization 

A mixture of equimolar amounts of 3£',5£'-3,5-bis(4-chlorophenylmethylidene)-l-methyl-4-piperidone (5 mmol) 
[prepared by a literature procedure (Modzelewska et al, 2006)], 5-chloroisatin and sarcosine in absolute ethanol (25 ml) 
was heated under reflux for 9 h (TLC monitoring). The separated solid was collected and recrystallized from «-butanol 
affording the title compound, 5-chloro-5"-(4-chlorobenzylidene)-4'-(4-chlorophenyl)-r,l"-dimethyldispiro[indoline-3,2'- 
pyrrolidine-3',3"-piperidine]-2,4"-dione, as pale-yellow crystals. M.p. 237-239 °C; Yield 81%; Anal. Calcd. for 
C 3 oH 26 Cl 3 N 3 0 2 (566.92): C, 63.56; H, 4.62; N, 7.41. Found: C, 63.69; H, 4.71; N, 7.48. IR: vjcm' 1 3164 (NH), 1690 
(C=0), 1594, 1483 (C=C). 

2.2. Refinement 

Crystal data, data collection and structure refinement details are summarized in Table 1 . The relatively large ratio of 
minimum to maximum corrections applied in the multiscan process reflect changes in the illuminated volume of the 
crystal. Changes in illuminated volume were kept to a minimum, and were taken into account (Gorbitz, 1999) by the 
multi-scan inter- frame scaling [DENZO/SCALEPACK (Otwinowski & Minor, 1997)]. The H atoms were all located in a 
difference map, but those attached to carbon atoms were repositioned geometrically and initially refined with soft 
restraints on the bond lengths and angles to regularise their geometry (C — H in the range 0.93-0.98, N — H in the range 
0.86-0.89, N— H to 0.86 and O— H = 0.82 A) and t/>, s0 (H) (in the range 1.2-1.5 times (7 eq of the parent atom), after 
which the positions were refined with riding constraints (Cooper et al, 2010). 

3. (Results and Discussion) 

In the racemic title molecule (Fig. 1), two spiro links exist, one in which the piperidine and pyrrolidine rings are 
connected at C12, the other with the pyrrolidine ring and indole residue connected at Cll. The piperidine ring adopts a 
half-chair conformation where the C13 atom lies 0.75 (2) A out of the mean plane of the remaining five atoms (C12- 
N14) with maximum deviation 0.086 (2) at C16. The pyrrolidine ring has an envelope conformation with the flap atom 
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being C9 which lies 0.608 (3) A out of the mean plane of the remaining four atoms (C8-N10), in which the maximum 
deviation [0.088 (3)] is at Cll. The two 4-chloro-substituted benzene rings defined by (C2-C7) and (C21-C27) make 
dihedral angles of 33.1 (14) and 54.11 (14)°, respectively, with the indole ring. In the crystal, the molecules form 
centrosymmetric cyclic dimers through duplex intermolecular N30 — H-029 1 hydrogen bonds (Table 1) [graph set i? 2 2(8) 
(Etter et ah, 1990)]. Centrosymmetric duplex aromatic C6 — H---019" hydrogen-bonding associations [graph set R 2 2 (14)] 
extend these dimers into a one-dimensional ribbon structure extending along a (Fig. 2) (for symmetry codes, see Table 1). 
Also present in the molecule is an intramolecular C38 — H - n interaction with the ring centroid (Cg) of the five- 
membered C28-N30 ring. 



Figure 1 

The title compound with displacement ellipsoids drawn at the 50% probability level. H atoms are shown as spheres of 
arbitrary radius. 
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Figure 2 

A view of the crystal packing of the title compound, showing the N — H-0 and C — HO hydrogen bonds and the C- 
H..7T interaction as violet, turquoise and green dashed lines, respectively. 



5-Chloro-5"-(4-chlorobenzylidene)-4'-(4-chlorophenyl)-1 ',1 "-dimethyldispiro[indoline-3,2'-pyrrolidine-3',3"- 
piperidine]-2,4"-dione 



Crystal data 

C 3 oH 26 Cl 3 N 3 0 2 
M r = 566.9 1_ 
Triclinic, PI 
Hall symbol: -P 1 
a= 11.2102 (3) A 
b= 11.5909 (3) A 
c= 12.3569 (4) A 
a = 99.0734 (8)° 
p= 90.1887 (9)° 
y= 116.4041 (10)° 
V= 1415.22 (7) A 3 

Data collection 

Nonius KappaCCD 

diffractometer 
Graphite monochromator 
<p and at scans 

Absorption correction: multi-scan 
[Gorbitz (1999) and DENZOISCALEPA CK 
(Otwinowski & Minor, 1997)] 

r min = 0.630, T max = 0.876 



Z=2 

P(000) = 588 

Z) x = 1.330 MguT 3 

Melting point = 510-512 K 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 8506 reflections 

6 = 3-27° 

ju = 0.36 mnT 1 

T=298 K 

Plate, pale yellow 

0.35 x 0.19 x 0.10 mm 



1 64 1 9 measured reflections 
6508 independent reflections 
3663 reflections with / > 2er(7) 
R mt = 0.076 

^max 27.5 , 0 m [ n 3.4 



h = -14— >13 
k= -14->15 
/ = -13^16 
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Refinement 

Refinement on F 1 
Least-squares matrix: full 
R[F- > 2a(F 2 )] = 0.057 
wR(F 1 ) = 0.111 
S = 1.01 

3663 reflections 
344 parameters 
0 restraints 

Hydrogen site location: difference Fourier map 
H-atom parameters constrained 



Method, part 1 , Chebychev polynomial, (Watkin 
et al., 1994) [weight] = 1.0/[A 0 *T 0 (x) + A^T^x) 
-+A n . 1 ]*T n . 1 (x)] 

where Aj are the Chebychev coefficients listed 

below and x = F /Fmax Method = Robust 

Weighting W = [weight] * 

[l-(deltaF/6*sigmaF) 2 ] 2 Aare: 100. 168. 111. 

49.9 14.3 
(A/ ( 7) max = 0.001 
A/w = 0.55 e A~ 3 
A/w = -0.54 e A~ 3 

Extinction correction: Larson (1970), Equation 
22 

Extinction coefficient: 400 (70) 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II *IIJ 


Cll 


0.60430(10) 


0.03618 (8) 


0.26749 (8) 


0.0754 


C2 


0.6044 (3) 


0.1352 (3) 


0.3894 (3) 


0.0503 


C3 


0.6541 (3) 


0.1232 (3) 


0.4866 (3) 


0.0529 


C4 


0.6557 (3) 


0.2027 (3) 


0.5831 (3) 


0.0487 


C5 


0.6067 (3) 


0.2943 (2) 


0.5838 (2) 


0.0417 


C6 


0.5543 (3) 


0.3014(3) 


0.4848 (2) 


0.0492 


C7 


0.5530 (3) 


0.2237 (3) 


0.3873 (3) 


0.0542 


C8 


0.6072 (2) 


0.3840 (2) 


0.6877 (2) 


0.0409 


C9 


0.5750(3) 


0.3253 (3) 


0.7914(3) 


0.0516 


N10 


0.6166 (2) 


0.4411 (2) 


0.8759 (2) 


0.0492 


Cll 


0.7498 (3) 


0.5363 (2) 


0.8520 (2) 


0.0397 


C12 


0.7408 (2) 


0.5121 (2) 


0.7215 (2) 


0.0354 


C13 


0.8657 (2) 


0.5050 (2) 


0.6782 (2) 


0.0400 


N14 


0.9809 (2) 


0.6228 (2) 


0.73096 (19) 


0.0418 


C15 


1.1053 (3) 


0.6102 (3) 


0.7277 (3) 


0.0639 


C16 


0.9952 (3) 


0.7356 (2) 


0.6850 (2) 


0.0432 


C17 


0.8667 (3) 


0.7462 (2) 


0.6750 (2) 


0.0367 


C18 


0.7363 (3) 


0.6297 (2) 


0.6818(2) 


0.0374 


019 


0.63054(19) 


0.62778 (19) 


0.65825 (18) 


0.0539 


C20 


0.8581 (3) 


0.8543 (2) 


0.6587 (2) 


0.0402 


C21 


0.9613 (3) 


0.9854 (3) 


0.6496 (2) 


0.0406 


C22 


1.0951 (3) 


1.0193 (3) 


0.6338 (2) 


0.0477 


C23 


1.1861 (3) 


1.1452 (3) 


0.6272 (3) 


0.0532 


C24 


1.1446 (3) 


1.2413 (3) 


0.6355 (3) 


0.0522 


C125 


1.25982 (10) 


1.40017 (8) 


0.62645 (10) 


0.0835 


C26 


1.0126 (3) 


1.2121 (3) 


0.6494 (3) 


0.0598 


C27 


0.9234 (3) 


1.0851 (3) 


0.6562 (3) 


0.0521 


C28 


0.8616(3) 


0.5122 (3) 


0.9037 (2) 


0.0482 


029 


0.8737 (2) 


0.4106 (2) 


0.88320(18) 


0.0582 


N30 


0.9342 (3) 


0.6146(2) 


0.9844 (2) 


0.0591 


C31 


0.8905 (3) 


0.7109 (3) 


0.9914 (3) 


0.0578 


C32 


0.7834 (3) 


0.6724 (3) 


0.9147(2) 


0.0466 
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C33 


0.7187 (3) 








A *7 A on \ 

0.7487 (3) 


A A 1 AA /I \ 

0.9109 (3) 


A AC C A 

0.0559 




G34 


0.7670 (5) 








A O f~ f~ O /I \ 

0.8668 (3) 


a no n \ 

0.9847 (3) 


0.0756 




C135 


0.68788 (17) 






0.96581 (12) 


A AOA") 1 / 1 1\ 

0.98031 (12) 


0.1253 




C36 


fl 8741 C\\ 
U.S /41 \ J) 








r\ r\f\ C A / A \ 

0.9054 (4) 


1.0601 (3) 


A AA') C 

0.0925 




C37 










a ono / A\ 
O.SZ7o (4) 


l.U64z (3) 


A AO 1 1 

0.0812 




C38 










A A 1 £1 1 f A\ 

0.4161 (4) 


A A O O A \ 

0.9884 (3) 


0.0741 




T TO 1 

H31 


U.08 IJ 








A A/"AA 

0.0600 


A A OTC 

0.4875 


A A/"> A ± 

0.0634* 




T T A 1 

H41 


a aqi i 
u.oy iz 








0.1947 


0.6508 


A A C O A ;k 

0.0584* 




T Tzl 1 


a s 1 70 

U.J 1 ly 








A 1 

O.iozz 


A A Ol A 

0.4839 


A AC A 1 * 

0.0591* 




H71 


A S 1 7 1 

U. J 1/1 








An A A 

0.2309 


0.3194 


A A /" C 1 sk 

0.0651* 




T TO 1 

H81 


U.JJ70 








A A 1 AO 

0.4108 


A HT^ O 

0.6738 


A A A AAsk 

0.0490* 




T TA 1 

H91 


U.OZ4V 








a no A 

0.2780 


0.8011 


A A f 1 A sk 

0.0619* 




H9z 


ft iQII 

U. 481.5 








A 1/TOyl 

0.2684 


0.7906 


A A/T1 

0.0619* 




T T 1 1 1 

H131 


a S7m 
U.8 / uz 








a a irn 

0.4292 


0.6959 


A A /I OAA 

0.0480* 




H132 


U.80J 1 








0.5003 


0.5999 


A A A OA* 

0.0480* 




H151 


1 1 770 

1 . 1 / ly 








0.6908 


0.7637 


A AT/'Ask 

0.0769* 




T T 1 CI 


l.UV /u 








A C A AC 

0.5405 


A H £ A O 

0.7648 


0.0769* 




T T 1 f 1 

H153 


1 1 11 A 
1 . 1ZZ4 








a can 

0.5912 


0.6526 


A A7/A* 

0.0769* 




Hl6l 


1 fKQQ 

i .ujyy 








A o 1 i "y 

0.8133 


0.73 17 


A AT1 o* 

0.0518* 




T T 1 C"S 


i .uzoj 








a nm 

0.7293 


0.6131 


A AC 1 O sk 

0.0518* 




t n n 1 

HzUl 


U. /08J 








A O A "i O 

0.8438 


0.6517 


0.0482* 




T 11 1 1 

H221 


1 1 1A1 
1 . 1Z4 / 








0.9526 


0.6274 


A A C Tl sk 

0.0572* 




H231 


1 777C 

l.Z / /s 








1.1659 


0.6168 


A A /" 1 O sk 

0.0638* 




t n 1 

H261 


0.9835 








1 11AA 

1.2790 


(\ HZ A 1 ") 

0.6542 


A AT n* 

0.0717* 




T T1 H 1 

H271 


0.8317 








1 f\£ AC\ 

1.0649 


0.6659 


A a/:t A * 

0.0624* 




H331 


0.6431 








0.7215 


0.8593 


A A f f~ A sk 

0.0669* 




njOl 


0.9045 








U.V808 


1 1 1 AS 
1.11 UJ 


A 1 1 1 A* 
U. 1 1 1U 




H371 


1.0133 








0.8547 


1.1160 


0.0974* 




H381 


0.6343 








0.4974 


1.0388 


0.0890* 




H382 


0.6594 








0.3746 


1.0027 


0.0890* 




H383 


0.5134 








0.3597 


0.9977 


0.0890* 




H301 


1.0063 








0.6204 


1.0307 


0.0710* 




Atomic displacement parameters (A 2 ) 






U 22 




U 33 


U 12 


U 13 


U 23 


Cll 


0.0825 (6) 


0. 


.0603 


(5) 


0.0685 (6) 


0.0259 (4) 


0.0069 (5) 


-0.0100 (4) 


C2 


0.0439 (16) 


0 


.0407 


(15) 


0.0535 (19) 


0.0097 (13) 


0.0027 (14) 


0.0021 (13) 


C3 


0.0552 (19) 


0. 


.0391 


(15) 


0.067 (2) 


0.0250 (14) 


0.0025 (16) 


0.0058 (14) 


C4 


0.0498 (17) 


0. 


.0480 


(16) 


0.0542 (18) 


0.0276 (14) 


-0.0035 (14) 


0.0085 (14) 


C5 


0.0327 (14) 


0 


.0361 


(13) 


0.0516(17) 


0.0129(11) 


-0.0049 (12) 


0.0032 (12) 


C6 


0.0486 (17) 


0 


.0442 


(15) 


0.0554(19) 


0.0226 (13) 


-0.0095 (14) 


0.0053 (14) 


C7 


0.0500(18) 


0 


.0528 


(17) 


0.056 (2) 


0.0208 (15) 


-0.0087 (14) 


0.0062 (15) 


C8 


0.0321 (14) 


0. 


.0375 


(13) 


0.0520(17) 


0.0160(11) 


-0.0036 (12) 


0.0044 (12) 


C9 


0.0406 (16) 


0 


.0400 


(15) 


0.065 (2) 


0.0101 (13) 


0.0063 (14) 


0.0100(14) 


N10 


0.0506 (14) 


0. 


.0472 


(13) 


0.0492(15) 


0.0193 (11) 


0.0139(11) 


0.0150(11) 


Cll 


0.0409 (15) 


0. 


.0392 


(13) 


0.0391 (16) 


0.0179(12) 


0.0033 (12) 


0.0083 (11) 


C12 


0.0338 (14) 


0. 


.0341 


(12) 


0.0392 (15) 


0.0161 (11) 


-0.0021 (11) 


0.0067(11) 


C13 


0.0385 (15) 


0. 


.0359 


(13) 


0.0483 (17) 


0.0200 (12) 


-0.0008 (12) 


0.0055 (12) 


N14 


0.0338 (12) 


0. 


.0379 


(11) 


0.0572 (15) 


0.0182(10) 


0.0009 (10) 


0.0117(10) 
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r • 1 r 

CI j 


A A/1 ii /i o"A 

0.0433 (1 /) 


A C\<1 1 / 1 OA 

0.0331 (lo) 


A 1 A^ /I A 

0. 103 (3 ) 


A AOO" 1 /1 ^A 

O.Oz IV (1 j) 


A AA1 O / 1 OA 

0.0035 (lo) 


U.UzjS 


CA OA 

(19) 


Clo 


A A/1 Afl / 1 CA 

0.0409 (Id) 


A Al CO / 1 1 A 

0.0335 (13) 


A AC /I O / 1 OA 

0.034/ (15) 


A A 1 on / 1 OA 

0.015 / (Iz) 


A AAC A / 1 1 A 

0.0030 (13) 


U.UU9U 


/1 OA 

(12) 


CI / 


A A/1 OA / 1 /I A 

0.04Z0 (14) 


AA/1A1 / 1 /I A 

0.0401 (14) 


A AT 1 O / 1 /I A 

0.033Z (14) 


A AOO*7 /1 OA 
0.0ZZ / (IZ) 


A AAAO /1 1 A 

0.0005 (11) 


U.UU 11 


/1 1 A 

(H) 


Clo 


A AIO 1 /I CA 

0.0391 (13) 


A A/1 01 / 1 /I A 

0.04Z1 (14) 


A A1 /I ^ (A A A 

0.034Z) (14) 


A AOOO (\ OA 

O.Ozzz (Iz) 


A AAOO (\ 1 A 

— O.OOzz (11) 




(\ 1 A 

(11) 


nin 
U19 


A A/1 lO /1 OA 

0.043Z (lz) 


A A^l 1 ^1 OA 

0.0333 (lz) 


A AOOI / 1 ^A 

0.0/Z3 (13) 


A AO^ 1 {A AA 

O.OZM (10) 


A AA/1 A ( \ AA 

— 0.0040 (10) 


U.UzUo 


/ 1 AA 

(10) 


CzO 


A A/1 O/C /I f\ 

0.04ZO (ID) 


A A/1 O/C / 1 /1A 

0.04ZO (14) 


A Al AA / 1 /CA 

0.0399 (lo) 


A AOOO" /1 OA 

O.Ozz / (Iz) 


A AAAO /1 OA 

0.0005 (Iz) 


A AAA 1 
U.UU91 


/1 OA 

(12) 


/^o 1 
Czl 


A A/1 m /1 OA 

0.0491 (1 /) 


A A/1 AO (AA\ 

0.0409 (14) 


A AT 1 O / 1 CA 

0.0335 (Id) 


A AOOO /1 1A 

O.Ozzz (13) 


A AAOO /1 OA 

— O.OOz / (lz) 




/1 1 A 

(11) 


Czz 


A AC/; A / 1 OA 

0.03o0 (lo) 


AA/IOI / 1 C A 

0.04z3 (13) 


A ACOO /1 OA 

0.03Z5 (lo) 


A AO OA / 1 A A 

0.0Z59 (14) 


A AAA C / 1 /I A 

0.0093 (14) 


A AAA/T 


/1 1A 

(13) 


Cz3 


A n^OQ / 1 OA 

0.03Z5 (l5) 


A A/1 OA /1 /CA 

0.0450 (lo) 


A A/C A /'OA 

0.004 (Z ) 


A AO/CA /1 ^A 

O.OzoO (O) 


A A1 1 O / 1 CA 
0.01 1 / (13) 


A A 1 on 


(A A\ 

(14) 


Cz4 


A AC C 1 / 1 a a 

U.UjM (19) 


A Al OA / 1 /I A 

0.0359 (14) 


A A/CA /OA 

O.OoO (z) 


A A1 AO /1 1A 

0.019Z (13) 


A AACA /1 CA 

0.0030 (13) 


A AATC 
U.UU/3 


/1 1 A 

(13) 


Clz3 


A ATCl //;a 

0.0/33 (o) 


a Aim //i a 
0.039 / (4) 


a nic /AA 

0.1313 (9) 


A AO 1 O //I A 

O.Oz 1 / (4) 


A AOIA ( C\ 

0.0z39 (o) 


U.Uloo 


/CA 

(5) 


Czo 


A A/C/C /OA 

O.Ooo (z) 


A Al A 1 / 1 CA 

0.0391 (13) 


A AOA /OA 

0.050 (z) 


A AOAO /1 CA 

0.0z9o (1j) 


A AAOA /1 *7A 

0.00Z9 (1 /) 


A AAOA 

U.UUB9 


/1 CA 

(15) 


Cz / 


A A/1 C2 (A OA 

0.0453 (1 /) 


A A/1 01 / 1 /CA 

0.0453 (lo) 


a a/c/c /OA 
O.Ooo (z) 


A /1 A A 
O.Oz / / (14) 


A A A 10 / 1 A A 

—0.0015 (14) 


A A 1 A1 


(A A A 

(14) 


Cz5 


A ACTA / 1 OA 

0.0330 (15) 


A A/1 A 1 / 1 /CA 

0.0491 (lo) 


A A /I A 1 / 1 OA 

0.0441 (1 /) 


A AO 1 A / 1 A A 

0.0zl9 (14) 


A AAA1 / 1 1 A 

0.0003 (13) 


U.U164 


(A A A 

(14) 


L)z9 


A A/C /I O / 1 A A 

0.0o4z (14) 


A AC 1 A / 1 O A 

0.0M0 (lz) 


A A/COO /1 A\ 

O.Oo /5 (14) 


A A1 1 C /1 1 \ 

0.0313 (11) 


A AAA 1 / 1 1 A 

—0.0091 (11) 


A AH1 

0.U1 / 1 


/1 AA 

(10) 


xti a 
JN30 


A AjC/C^C / 1 OA 

O.Oooo (1 /) 


A AC A C / 1 CA 

0.0343 (13) 


A ACOA /1 /CA 

O.OjzO (lo) 


A AO 1 A / 1 1 A 

0.0z34 (13) 


A A 1 AO / 1 1 A 

—0.019o (13) 


A A 1 A 1 


/1 1A 

(13) 


C31 


A AO /I ( r )\ 
0.0/4 (z) 


A A/1 OA /1 OA 

0.0459 (1 /) 


A A/1 A/1 ^1 OA 

0.0404 (1 /) 


A A1 A£ /1 £*\ 

0.019O (lo) 


A AAC.O /I CA 

— 0.003Z (13) 


0.0071 


(14) 


C3z 


A AC/;'7 /I OA 
0.03O/ (1 /) 


A A/1 /C 1 /1 CA 

0.0461 (13) 


A Al 1A / 1 /CA 

0.03 /0 (lo) 


A AO 1 O / 1 A A 

0.0zl5 (14) 


A A1 AO /1 1 A 
0.010Z (13) 


0.0110 


(13) 


^ j j 








\J, W JU 1 I lUj 


(J. UZ.UU I lUj 


0.0134 


(14) 


C34 


0.115 (3) 


0.059 (2) 


0.066 (2) 


0.050 (2) 


0.029 (2) 


0.0090 


(19) 


C135 


0.1911 (15) 


0.0969 (8) 


0.1324(11) 


0.1058(10) 


0.0520(10) 


0.0150 


(8) 


C36 


0.153 (4) 


0.057 (2) 


0.054 (2) 


0.040 (3) 


0.007 (3) 


-0.0053 (18) 


C37 


0.119(3) 


0.061 (2) 


0.043 (2) 


0.025 (2) 


-0.011 (2) 


-0.0012(17) 


C38 


0.085 (3) 


0.074 (2) 


0.062 (2) 


0.030 (2) 


0.0281 (19) 


0.0254 (19) 



Geometric parameters (A, °) 



Cll— C2 


1.743 (3) 


C16— H162 


0.960 


C2— C3 


1.375 (4) 


C17— C18 


1.500 (4) 


C2— C7 


1.386 (4) 


CI 7— C20 


1.345 (3) 


C3— C4 


1.382 (4) 


C18— 019 


1.209 (3) 


C3— H31 


0.960 


C20— C21 


1.467 (4) 


C4— C5 


1.394(4) 


C20— H201 


0.960 


C4— H41 


0.960 


C21— C22 


1.395 (4) 


C5— C6 


1.386 (4) 


C21— C27 


1.389 (4) 


C5— C8 


1.517(4) 


C22— C23 


1.376 (4) 


C6— C7 


1.382 (4) 


C22— H221 


0.960 


C6— H61 


0.960 


C23— C24 


1.375 (4) 


C7— H71 


0.960 


C23— H231 


0.960 


C8— C9 


1.514(4) 


C24— C125 


1.739 (3) 


C8— C12 


1.563 (3) 


C24— C26 


1.381 (4) 


C8— H81 


0.960 


C26— C27 


1.380 (4) 


C9— N10 


1.452 (4) 


C26— H261 


0.960 


C9— H91 


0.960 


C27— H271 


0.960 


C9— H92 


0.960 


C28— 029 


1.230 (3) 


N10— Cll 


1.474 (3) 


C28— N30 


1.352 (4) 


N10— C38 


1.459(4) 


N30— C31 


1.397 (4) 


Cll— C12 


1.588 (4) 


N30— H301 


0.960 


Cll— C28 


1.556 (4) 


C31— C32 


1.385 (4) 


Cll— C32 


1.521 (4) 


C31— C37 


1.378 (5) 
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C12— C13 
C12— C18 
C13— N14 
C13— H131 
C13— H132 
N14— C15 
N14— C16 
C15— H151 
C15— H152 
C15— H153 
C16— C17 
C16— H161 



1.532 (4) 
1.540 (3) 
1.450 (3) 
0.960 
0.960 
1.464 (3) 
1.452 (3) 
0.960 
0.960 
0.960 
1.505 (4) 
0.960 



C32— C33 
C33— C34 
C33— H331 
C34— C135 
C34— C36 
C36— C37 
C36— H361 
C37— H371 
C38— H381 
C38— H382 
C38— H383 



1.376 (4) 

1.393 (5) 

0.960 

1.741 (4) 

1.376 (6) 

1.382 (6) 

0.960 

0.960 

0.960 

0.960 

0.960 



Cll— C2— C3 
Cll— C2— C7 
C3— C2— C7 
C2— C3— C4 
C2— C3— H31 
C4— C3— H31 
C3— C4— C5 
C3— C4— H41 
C5— C4— H41 
C4— C5— C6 
C4— C5— C8 
C6— C5— C8 
C5— C6— C7 
C5— C6— H61 
C7— C6— H61 
C2— C7— C6 
C2— C7— H71 
C6— C7— H71 
C5— C8— C9 
C5— C8— C12 
C9— C8— C12 
C5— C8— H81 
C9— C8— H81 
C12— C8— H81 
C8— C9— N10 
C8— C9— H91 
N10— C9— H91 
C8— C9— H92 
N10— C9— H92 
H91— C9— H92 
C9— N10— Cll 
C9— N10— C38 
Cll— N10— C38 
N10— Cll— C12 
N10— Cll— C28 
C12— Cll— C28 



119.5 (2) 
119.7(3) 
120.8 (3) 
119.5 (3) 
120.2 
120.2 

121.2 (3) 
119.4 
119.4 

117.8 (3) 

122.9 (3) 

119.3 (2) 
121.9(3) 
119.0 
119.0 
118.7(3) 
120.6 
120.7 
116.7(2) 

115.4 (2) 
104.3 (2) 
106.6 
106.6 
106.6 
101.9 (2) 
111.3 
111.3 
111.3 
111.3 
109.5 
107.0 (2) 
114.9(2) 
115.6(3) 

103.0 (2) 
110.9(2) 

113.1 (2) 



C17— C16— H161 
N14— C16— H162 
C17— C16— H162 
H161— C16— H162 
C16— C17— C18 
CI 6— CI 7— C20 
CI 8— CI 7— C20 
C12— C18— C17 
C12— C18— 019 
C17— C18— 019 
CI 7— C20— C21 
CI 7— C20— H201 
C21— C20— H201 
C20— C21— C22 
C20— C21— C27 
C22— C21— C27 
C21— C22— C23 
C21— C22— H221 
C23— C22— H221 
C22— C23— C24 
C22— C23— H231 
C24— C23— H231 
C23— C24— C125 
C23— C24— C26 
C125— C24— C26 
C24— C26— C27 
C24— C26— H261 
C27— C26— H261 
C21— C27— C26 
C21— C27— H271 
C26— C27— H271 
Cll— C28— 029 
Cll— C28— N30 
029— C28— N30 
C28— N30— C31 
C28— N30— H301 



108.5 
108.5 
108.5 
109.5 
119.6(2) 

124.7 (2) 
115.6(2) 

117.8 (2) 
120.7 (2) 
121.5 (2) 
131.5 (3) 
114.2 
114.3 
125.7 (2) 
117.8(3) 
116.5(2) 
122.1 (3) 
119.0 
119.0 

119.4 (3) 
120.3 
120.3 
119.3(2) 

120.7 (3) 
120.1 (2) 

118.8 (3) 
120.6 
120.6 

122.5 (3) 
118.7 
118.7 
125.7(3) 

108.9 (2) 
125.0(3) 
111.0 (2) 
124.5 
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\ti a p i i POO 

JN10 — Lll — L32 


1 1 A O ZO\ 

11U.3 (2) 




p -> 1 XT') n TTOA1 

L31 — N3U — H3U1 




124.5 


p i o pi i POO 

L 1 2 — L 1 1 — L32 


1 1 Pi 1 ZO\ 

119.1 (2) 




XT') A P O 1 POO 

N30 — C3 1 — C32 




1 1 A C /O A 

11U.5 (3) 


L2o — L 1 1 — Liz 


100.6 (2) 




XT'? A i~"> 1 rn 

N30 — C3 1 — C37 




1 O O A /O \ 

128.0 (3) 


p o nn n i 
Co — L12 — Lll 


1 at n\ 

103.6 (2) 




/Til 

C32 — C3 1 — C37 




121.5 (3) 


Lo — Liz — LI J 


1 1 C A ZO\ 

115.0 (2) 




p i i po o n i 

Cll — C32 — C31 




1 AO O ZO\ 

108.8 (2) 


p -1 1 p J r\ p 1 o 

Cll — C12 — C13 


111.2 (2) 




p i -1 p o o P" O O 

Cll — C32 — C33 




1 O A O /O \ 

130.2 (3) 


p o p 1 o pi o 

C8 — C12 — CI 8 


111 A ZO\ 

111.9 (2) 




p o -1 POO POO 

C31 — C32 — C33 




1 O A H /O \ 

120.7 (3) 


Lll — Liz — L18 


1 AO AA / 1 A\ 

108.90 (19) 




POO pnn PO /I 

L32 — L33 — L34 




in/ /o \ 

117.6 (3) 


p 1 o fin p 1 o 

L 1 3 — L 1 2 — L 1 8 


1 A/T 1 ZO\ 

106.2 (2) 




poo poo ttti 1 

L32 — L33 — H33 1 




121.2 


p 1 ^\ p -1 -) XT 1 /I 

C12 — C13 — N14 


1 AH C /i\ 

107.5 (2) 




p o ,1 p o o Tm i 

C34 — C33 — H33 1 




121.2 


P 1 -\ p | -) TT1 T 1 

C12 — C13 — H131 


1 A A A 

109.9 




p -> -> p o a pnc 

C33 — C34 — C135 




1 1 O C / A\ 

118.5 (4) 


"\Ti/i tti o i 

N 1 4 — L 1 3 — H 131 


1 AA A 

109.9 




p O O PO -1 p O /I 

L33 — L34 — L36 




1 O 1 C /") \ 

121.5 (3) 


p 1 -> TTI to 

L12 — L13 — H132 


1 1 A A 

110.0 




pnr p o A p o 

C135 — C34 — C36 




1 OA A /O \ 

120.0 (3) 


\T1 ^ P 1 O TTI 

N14 — C13 — Hi 32 


1 1 A A 

110.0 




p -> .1 PO/" p o o 

C34 — C36 — C37 




1 O A /T /O \ 

120.6 (3) 


TTI T 1 P 1 O TTI Tl 

H131 — C13 — H132 


109.5 




p o A /" " O /" T TO /" 1 

C34 — C36 — H361 




119.7 


p 1 O X T 1 A f ' 1 C 

C13 — N14 — C15 


111^ /o \ 

113.2 (2) 




p o T P" O /" T TO Z' 1 

C37 — C36 — H361 




119.7 


p 1 o XT 1 /I /" • 1 /-_ 

C13 — N14 — C16 


111 O ZO\ 

111.3 (2) 




f ' f POT p o 1 

C36 — C37 — C3 1 




1 1 O 1 / A \ 

118.1 (4) 


/"< 1 C XT 1 /I /"'I/' 

C15 — N14 — C16 


1 1 A /*" ZO\ 

110.6 (2) 




p O Z POT TTO"71 

C36 — C37 — H371 




1 O 1 A 

121.0 


XT 1 /I /"l -1 C TTI f 1 

N14 — C15 — Hi 51 


109.5 




p o 1 P O *7 T TO "7 1 

C31 — C37 — H371 




121.0 


\ti a l~ A \ C TT1 CO 

N14 — C15 — HI 52 


109.5 




XT 1 A f ' O O T TO O 1 

NIO — C38 — H381 




109.5 


H151— C15— H152 


109.5 




NIO— C38— H382 




109.5 


N14— C15— H153 


109.4 




H38l— C38— H382 




109.5 


tti f i p i c tti n 

H151 — C15 — H153 


109.5 




XT 1 A Z" 1 O O T TO O O 

N10 — C38 — H383 




109.4 


TTI CI pif TTI f 1 

HI 52 — L15 — HI 53 


1 AA C 

109.5 




TTOOI POO TTOOO 

H381 — C38 — H383 




1 AA C 

109.5 


XT 1/1 f 1 /_ PIT 

N14 — L16 — L17 


113.3 (2) 




H3 82 — C3 8 — H3 83 




1 A A C 

109.5 


XT 1 ,1 PI / TTI /"I 

N14 — C16 — H161 


1 AO C 

108.5 










Cll— C2— C7— C6 


-179.9(3) 




Cll— C32— C33— C34 




175.1 (3) 


C34— C36— C37— C31 


-0.1 (6) 




C20— C21— C27— C26 




179.6 (3) 


C12— C13— N14— C15 


160.2 (2) 




029— C28— N30— C31 




-175.9(3) 


C8— C12— C18— 019 


20.1 (3) 




N30— C31— C32— Cll 




1.4 (4) 


N14— C16— C17— C18 


-16.4 (3) 










Hydrogen-bond geometry (A, °) 


D—R-A 




D — H 


R-A 


D-A 


D—R-A 


C6— H61-019' 




0.96 


2.47 


3.168 (5) 


130 


N30— H301-O29" 




0.96 


1.90 


2.844 (5) 


167 


C38— H381-Qj 




0.95 


2.63 


2.818(5) 


91(1) 



Symmetry codes: (i) -x+l, -y+l, -z+1; (ii) -x+2, -y+l, -z+2. 
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